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Show^nn^cA/f,,^ DESCRIPTION 

FUEL GASIFICATION SYSTEM 
Technical Field 

[0001] The present invention relates to a gasification furnace for gasifying fuels 
including coal, municipal waste, etc., and a gasification system which employs 
such a gasification furnace. 

Background Art 

[0002] Various efforts are being made at present in various countries with 
respect to highly efficient power generation systems which employ coal as fuel. 
For increasing power generation efficiency, it is important to convert the chemical 
energy of coal into electric energy with high efficiency. However, in recent years 
how to develop such highly efficient power generation systems has been looked 
over. The integrated gasification combined cycle (IGCC) technology converts 
coal into a clean chemical energy by gasification, and then converts the chemical 
energy directly into electric energy with a fuel cell or utilizes the chemical energy 
to rotate a gas turbine at a high temperature for generating electric energy with 
high efficiency. However, since the IGCC technology is oriented toward the 
complete gasification of the coal, the gasification temperature needs to be 
increased to a temperature range for melting the ash, resulting in many problems 
related to the discharge of the molten slag and the durability of the refractory 
material. Furthermore, because part of the heat energy is consumed for melting 
the ash, although the generated gases are discharged in such a state that they 
have a high temperature, the temperature of the generated gases must be 
lowered for gas purification to a temperature of, for example, about 450°C, 
causing a very large sensible heat loss. Another problem is that it is necessary 
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to supply oxygen or oxygen-enriched air in order to achieve a high temperature 
stably. For these reasons, the net energy conversion efficiency is not increased, 
and no technology is available for generating electric energy with high efficiency 
using the generated gases. At the present time, it has been found that the net 
power generation efficiency is not high at all. 

[0003] In the integrated gasification combined cycle (IGCC), there is an upper 
limit on the efficiency of the technology for finally converting the chemical energy 
into electric energy, resulting in a bottleneck in attempts to increase the overall 
efficiency. Therefore, highly efficient power generation technology that has 
drawn much attention in recent years simply generates as large an amount of 
gases as possible while keeping the temperature at the inlet of a gas turbine to 
an upper limit for increasing the ratio of generated power output from the gas 
turbine. Typical examples of the highly efficient power generation technology 
include a topping cycle power generation system and a power generation system 
using an improved pressurized fluidized-bed furnace. 

[0004] In the power generation system using an improved pressurized fluidized- 
bed furnace, coal is first gasified by a pressurized gasification furnace, and 
generated unburned carbon (so-called char) is combusted by a pressurized char 
combustor. After combustion gases from the char combustor and generated 
gases from the gasification furnace are cleaned, they are mixed and combusted 
by a topping combustor, which produces high-temperature gases to drive a gas 
turbine. It is important in this power generation system how to increase the 
amount of gases flowing into the gas turbine. The greatest one of the conditions 
which imposes limitations on the increase in the flowrate of gases to the gas 
turbine is the cleaning of the generated gases. 

[0005] For cleaning the generated gases, it is necessary to cool the generated 
gases usually to about 450°C in view of an optimum temperature for a 
desulfurizing reaction in a reducing atmosphere. On the other hand, the gas 



2 



temperature at the inlet of the gas turbine should be as high as possible because 
the efficiency of the gas turbine is enhanced as the gas temperature is higher. 
At present, it is an ordinal way to increase the gas temperature at the inlet of the 
gas turbine to 1200°C or slightly lower due to limitations imposed by heat 
resistance and corrosion resistance of the materials for the gas turbine. 
Therefore, the generated gases are required to have a calorific value high 
enough to increase the gas temperature from 450°C for the gas cleaning to 
1200°C at the inlet of the gas turbine. 

[0006] Consequently, for the development of a power generation system using 
an improved pressurized fluidized-bed furnace, efforts should be made to obtain 
generated gases in as small an amount as possible and having as high a 
calorific value as possible. The reasons for those efforts are as follows: If the 
amount of generated gases to be cleaned at 450°C is reduced, the loss of 
sensible heat due to the cooling is reduced, and a required minimum calorific 
value of the generated gases may be lowered. If the calorific value of the 
generated gases is higher than the calorific value needed to increase the gas 
temperature to the required gas temperature at the inlet of the gas turbine, then 
the ratio of combustion air can be increased to increase the amount of gases 
flowing into the gas turbine for a further increase in the efficiency of power 
generation. 

[0007] In recent years, efforts to develop highly efficient waste combustion power 
generation technology are being carried out in order to utilize municipal waste, 
etc. as a fuel. However, one problem of the highly efficient waste combustion 
power generation technology is that since a high concentration of chlorine may 
be contained in the waste, the steam temperature for heat recovery cannot be 
increased beyond 400°C due to possible corrosion of heat transfer pipes. 
Therefore, there has been a demand for the development of a technology that 
can overcome the above difficulty. 
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[0008] One typical conventional gasification furnace which employs coal or the 
like as a fuel is a twin tower circulation type gasification furnace as shown in FIG. 
17 of the accompanying drawings. The two-bed pyrolysis reactor system 
comprises two furnaces (towers), i.e., a gasification furnace and a char 
combustion furnace. A fluidizing medium and char are circulated between the 
gasification furnace and the char combustion furnace, and a quantity of heat 
required for gasification is supplied to the gasification furnace as the sensible 
heat of the fluidizing medium which has been heated by the combustion heat of 
the char in the char combustion furnace. Since gases generated in the 
gasification furnace do not need to be combusted, the calorific value of the 
generated gases can be maintained at a high level. However, the two-bed 
pyrolysis reactor system has not actually been commercialized as a large-scale 
plant because of problems relating to the handling of high-temperature particles, 
such as obtaining a sufficient amount of particle circulation between the 
gasification furnace and the char combustion furnace, the-controlling of the 
circulating amount of particles, and stable operation, and problems relating to 
operation, such as a failure in temperature control of the char combustion 
furnace independently of other operations. 

[0009] There has recently been proposed a system in which entire combustion 
gases discharged from a char combustion furnace are led to a gasification 
furnace to make up for a shortage of heat for gasification which is not fully 
supplied by the sensible heat of circulating particles, as shown in FIG. 18 of the 
accompanying drawings. However, inasmuch as the proposed system delivers 
the entire combustion gases discharged from the char combustion furnace to the 
gasification furnace, it goes against the principle of the power generation system 
using an improved pressurized fluidized-bed furnace that it should be obtained 
generated gases in as small an amount as possible and having as high a 
calorific value as possible. That is, if the amount of char combustion gases 
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becomes larger than an amount required for gasification or fluidization in the 
gasification furnace, then since the generated gases are diluted by the excessive 
char combustion gases, the calorific value is lowered, and the mixed excessive 
char combustion gases are also cooled to 450°C for gas cleaning in a reducing 
atmosphere, with the result that the quantity of heat necessary to raise the gas 
temperature to a proper temperature at the gas turbine inlet is increased. 
Conversely, if the amount of char combustion gases becomes smaller, then the 
fluidization in the gasification furnace becomes insufficient or the temperature of 
the gasification furnace is lowered, resulting in a need for supplying air to the 
gasification furnace. Therefore, in order for this system to be realized, it is 
necessary to select coal among the limited coal range suitable for the system. If 
the selected coal differs even slightly from the limited coal range, then the 
excessive char combustion gases need to be cooled to 450°C, or the calorific 
value of the generated gases is lowered because of the introduction of air into 
the gasification furnace, with the result that the efficiency of the overall system 
will be lowered. 

[0010] In this system, the temperature of the char combustion furnace is 
controlled by changing the bed height to change the heat transfer area in the 
bed. When the system undertakes a low load, as the combustion gases are 
cooled by the heat transfer pipes exposed over the bed, the temperature of the 
gasification furnace and the fluidizing gas velocity changes, affecting the 
gasifying reaction rate to make it difficult to operate the system stably. 
[0011] In view of the above drawbacks, the inventors of the present invention has 
have devised an integrated gasification furnace comprising a single fluidized-bed 
furnace which has a gasification chamber, a char combustion chamber, and a 
low-temperature combustion chamber divided thereby by partitions. The char 
combustion chamber, the gasification chamber, and the low-temperature 
combustion chamber are disposed adjacent to each other. The inventors have 
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invented the integrated gasification furnace in order to overcome the drawbacks 
of the two-bed pyrolysis reactor system described above. The integrated 
gasification furnace allows a large amount of fluidizing medium to circulate 
between the char combustion chamber and the gasification chamber. 
Consequently, heat for gasification can sufficiently be supplied only by the 
sensible heat of the fluidizing medium. The integrated gasification furnace is 
possibly able to achieve, most easily, the principle of the power generation 
system using an improved pressurized fluidized-bed furnace sojhat it should b e 
obt ai n e d generated gases should be obtained in as small an amount as possible 
and having as high a calorific value as possible. 

[001 2] Nevertheless, the integrated gasification furnace is problematic in that 
since no complete seal is provided between char combustion gases and 
generated gases, the combustion gases and the generated gases may be mixed 
with each other, degrading the properties of the generated gases, if the pressure 
balance between the gasification chamber and the char combustion chamber is 
not kept well. 

[0013] In the field of waste combustion power generation systems, it has been 
proposed to pyrolyze the wastes and volatilize a chlorine component together 
with volatile components, and superheat the steam with the combustion heat of 
remaining char which has a greatly reduced chlorine content, for highly efficient 
power generation. However, since a small amount of char is produced by the 
pyrolysis of municipal wastes, it is highly likely not to obtain a char combustion 
heat required to superheat the steam. The fluidizing medium as a heat medium 
and the char flow from the gasification furnace into the char combustion furnace, 
and the same amount of fluidizing medium needs to return from the char 
combustion furnace to the gasification furnace for achieving a mass balance. 
According to an available conventional method, the fluidizing medium has to be 
mechanically delivered by a conveyor or the like, resulting in problems such as 
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the difficulty in handing high-temperature particles and a large sensible heat loss. 



D i sc l osur e of Summary of the Invention 
[001 4] The present invention has been made in view of the above conventional 
problems. It is an object of the present invention to provide a fuel gasification 
furnace which does not need the special control of a pressure balance between 
a gasification furnace and a char combustion furnace, a nd or a mechanical 
means for handling a fluidizing medium, which can stably obtain generated 
gases of high qualities quality , and is capable of highly efficient power recovery. 
Another object of the present invention is to provide an integrated gasification 
furnace which is capable of reading reduced corrosion on a steam superheater 
(pipes), etc. and is capable of highly efficient power generation even when a 
combustible waste material containing chlorine afe-is_used as a fuel. 
[001 5] To achieve the above objects, a fuel gasification system according to a* 
the present invention d e f i n e d i n c l a i m 1 comprises, as shown in FIGS. 1 and 13, 
a gasification chamber 1 for fluidizing a high-temperature fluidizing medium 
therein to form a gasification chamber fluidized bed having an interface, and 
gasifying a fuel in the gasification chamber fluidized b e d; a bed. A char 
combustion chamber 2 is provided for fluidizing a high-temperature fluidizing 
medium therein to form a char combustion chamber fluidized bed having an 
interface, and combusting char generated by gasification in the gasification 
chamber 1 in the char combustion chamber fluidized bed to heat the fluidizing 
m e d i um; and a medium. A first energy recovery device 109 for us i ng uses gases 
generated by the gasification chamber 1 as a fuek- fuel, and the gasification 
chamber 1 and the char combustion chamber 2 feemg- are integrated with each 
oth e r; th e other. The gasification chamber 1 and the char combustion chamber 2 
bem$- are divided from each other by a first partition wall 15 for preventing gases 
from flowing therebetween vertically upwardly from the interfaces of the 
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respective fluidized b e ds; th e beds. The first partition wall 15 h a v i ng has a first 
opening 25 provided in a lower portion thereof and s e rv i ng serves the first 
opening as a communication between the gasification chamber 1 and the char 
combustion chamber 2, for allowing the fluidizing medium heated in the char 
combustion chamber 2 to move from the char combustion chamber 2 via the first 
opening into the gasification chamber. 

[001 6] With the above arrangement, since the gasification chamber and the char 
combustion chamber are integrated with each other, the fluidizing medium can 
be handled with ease between the gasification chamber and the char combustion 
chamber. Since the gasification chamber and the char combustion chamber are 
divided from each other by the first partition wall for preventing gases from 
flowing therebetween upwardly of the interfaces of the respective fluidized beds, 
the gases generated in the gasification chamber and the combustion gases in 
the char combustion chamber are not almost mixed with each other. Since the 
energy recovery device, which is a power recovery device such as a gas turbine, 
is provided, the power or energy can be recovered in such a way as to drive a 
fluid machine such as an air compressor or a generator. 
[001 7] The fluidized bed in the fuel gasification system according to cl ai m 1 the 
invention comprises a dense bed, positioned in a vertically lower region, which 
contains a high concentration of fluidizing medium, and a splash zone, 
positioned vertically upward l y of above the dense bed, which contains both the 
fluidizing medium and a large amount of gases. Upw a rd l y of Above the fluidized 
bed, i . e ., bed (i.e., upward l y of above the splash zon e , zone) there is positioned 
a freeboard which contains almost no fluidizing medium, but is primarily made up 
of gases. The interface according to the present invention refers to a splash 
zone having a certain thickness. However, the interface may be understood as a 
hypothetical plane positioned intermediate between an upper surface of the 
splash zone and a lower surface of the splash zone (upper surface of the dense 
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bed). Preferably, the chambers are divided from each other by the partition wall 
such that no gases flow therebetween upwardly of the dense bed. 
[001 8] Accord i ng to claim 2, i n In the fuel gasification system d e f i n e d i n c l aim 1 
of the present invention , the gasification chamber 1 and the char combustion 
chamber 2 are divided (separated) from each other by a second partition wall 1 1 
for preventing gases from flowing therebetween vertically upward l y upward from 
the interfaces of the respective fluidized beds, th e beds. The second partition 
wall 11 hav i ng has a second opening 21 provided in a lower portion thereof and 
s e rv i ng serves the second opening as a communication between the gasification 
chamber 1 and the char combustion chamber 2, for allowing the fluidizing 
medium heated to move from the gasification chamber 1 via the second opening 
21 into the char combustion chamber 2. 

[001 9] With the above arrangement, since the fluidizing medium moves from the 
gasification chamber 1 via the second opening 21 into the char combustion 
chamber 2, when char is generated in the gasification chamber 1, the char 
moves, together with the fluidizing medium, into the char combustion chamber 2, 
and a mass balance of the fluidizing medium between the gasification chamber 1 
and the char combustion chamber 2 is-keet maintained . 

[0020] Accord i ng to c l a i m 3, th e The above fuel gasification system further 
comprises a heat recovery chamber 3 integrated with the gasification chamber 1 
and the char combustion chamber 2r-4he- 2. The gasification chamber 1 and the 
heat recovery chamber 2 bemg- are divided from each other or are not b ei ng in 
contact with each other so that gases will not flow directly therebetween. With 
this arrangement, heat can be recovered without causing the gases generated in 
the gasification chamber and the combustion gases in the heat recovery 
chamber to be mixed with each other. The heat recovery chamber is provided, 
and even when the amount of char generated in the gasification chamber and 
the amount of char required to heat the fluidizing medium in the char combustion 
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chamber is out of balance, the difference between the amounts can be adjusted 
by increasing or reducing the amount of heat recovered in the heat recovery 
chamber. 

[0021] According to c l a i m 4, th e The fuel combustion chamber d e f i n e d in any on e 
of c l a i ms 1 through 3 described above may comprise a boiler 111 for being 
supplied with the gases used as the fuel in the first energy recovery device 109 
and combustion gases from the char combustion chamber 2. Typically, the first 
energy recovery device is a gas turbine unit 109 or its gas turbine 106, and the 
gases used as the fuel are waste gases combusted in a combustor 105 of the 
gas turbine unit and from which energy is recovered by the gas turbine 106. 
Since the waste gases contain a considerable amount of heat energy, the heat 
energy is recovered by the boiler 111. 

[0022] In the above system, an oxygen-free gas should preferably be used as the 
fluidizing gas in the gasification chamber 1. The oxygen-free gas refers to a gas 
which contains a small amount of oxygen, and whose oxygen concentration is 
not large enough to substantially combust the gases generated in the gasification 
furnace. Because the oxygen-free gas is used, the generated gases are not 
substantially combusted, and have a high calorific value. 

[0023] Accord i ng to c l a i m 5, a s As shown in FIG. 14, i n th e fu el g a s i f i c a t i on 
syst e m d e f i n e d i n any on e of c lai ms 1 through 3, the gasification chamber and 
the char combustion chamber are pressurized to a pressure higher than an 
atmospheric pr e ssur e , th e pressure. The fuel gasification system further 



combustion gases from the char combustion chamber 2, and a boiler 111 for 
being supplied with the waste gases used as the fuel in the first energy recovery 
device 109 and combustion gases from the second energy recovery device 141. 
[0024] With the above arrangement, since the combustion gases from the char 
combustion chamber have a pressure energy in addition to a temperature 
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energy, the second energy recovery device, typically a power recovery turbine 
having the same structure of-as the gas turbine in the gas turbine unit, can 
recover power from the combustion gases. The gases generated in the 
gasification chamber can be led directly to the combustor 105 of the gas turbine 
unit, without passing through a gas compressor, and the combustion gases from 
the combustor 105 are introduced into the gas turbine 106 of the gas turbine unit 
for generating power. Therefore, the gas compressor combined with the gas 
turbine may be dispensed with. However, if there is a difference between the 
pressure required for the gas turbine and the pressure of the generated gases, 
then a gas compressor may be provided for generating a pressure to 
compensate for the pressure difference. 

[0025] To achieve the above object, a fuel gasification system according to c l a i m 
6- th e present invention comprises, as shown in FIGS. 1 and 11, a gasification 
chamber 1 for fluidizing a high-temperature fluidizing medium therein to form a 
gasification chamber fluidized bed having an interface, and gasifying a fuel in the 
gasification chamber fluidized b e d; a bed. A char combustion chamber 2 is 
provided for fluidizing a high-temperature fluidizing medium therein to form a 
char combustion chamber fluidized bed having an interface, and combusting 
char generated by gasification in the gasification chamber 1 in the char 
combustion chamber fluidized bed to heat the fluidizing medium and generate 
combustion gas e s; a gases. A stabilizing combustion chamber 53 is provided for 
combusting gases generated in the gasification chamber 1 to heat the 
combustion gases generated in the char combustion chamb e r 2; chamber 2, and 
an energy recovery device 55 for recov e r i ng recovers energy from the 
combustion gases heated in the stabilizing combustion chamber 53; th e 53. The 
gasification chamber 1 and the char combustion chamber 2 b ei ng are integrated 
with each other and pressurized to a pressure higher than an atmospheric 
pr e ssur e ; th e pressure. The gasification chamber 1 and the char combustion 
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chamber 2 kemg~ are divided from each other by a first partition wall 15 for 
preventing gases from flowing therebetween vertically upward l y upward of the 
interfaces of the respective fluidized b e ds; th e beds. The first partition wall 15 
h a v i ng has a first opening 25 provided in a lower portion th e r e of thereof, and 
s e rv i ng the first opening 25 serves as a communication between the gasification 
chamber 1 and the char combustion chamber 2, for allowing the fluidizing 
medium heated in the char combustion chamber 2 to move from the char 
combustion chamber 2 via the first opening 25 into the gasification chamber 1. 
[0026] With the above arrangement, since the gasification chamber 1 and the 
char combustion chamber 2 are integrated with each other and pressurized to a 
pressure higher than an atmospheric pressure, the partial pressure of oxygen in 
the char combustion chamber can be increased to maintain a good combustion 
state, and energy can be recovered from the combustion gases from the char 
combustion chamber by the energy recovery device, which comprises a power 
recovery turbine, for example. When the generated gases from the gasification 
chamber are combusted in the stabilizing combustion chamber, the combustion 
gases from the char combustion chamber can be heated to a high temperature 
of 1200°C, for example. Therefore, power can be recovered highly efficiently by 
the power recovery turbine. 

[0027] Accord i ng to cl ai m 7, i n In the fuel gasification system d e f i n e d i n c l a i m 6 
described above , the gasification chamber 1 and the char combustion chamber 2 
are divided from each other by a second partition wall 1 1 for preventing gases 
from flowing therebetween vertically upwardly from the interfaces of the 
respective fluidized b e ds, th e beds. The second partition wall 1 1 hav i ng has a 
second opening 21 provided in a lower portion thereof and se rv i ng the second 
opening serves as a communication between the gasification chamber 1 and the 
char combustion chamber 2, for allowing the fluidizing medium heated to move 
from the gasification chamber 1 via the second opening 21 into the char 
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combustion chamber 2. 

r00281 Accord i ng to c l a i m 8, th e The fuel gasification system d e fin e d i n cla i m 6 or 
7- described above further comprises a heat recovery chamber 3 integrated with 
the gasification chamber 1 and the char combustion chamber 2, and the 
gasification chamber 1 and the heat recovery chamber 3 b ei ng are divided from 
each other or are not b ei ng in contact with each other so that gases will not flow 
directly therebetween. 

r00291 Accord i ng to c l a i m 9, th e The fuel gasification system d e f i n e d i n any on e 
of c l a i ms 6 through 8 described above further comprises a boiler 58 for being 
supplied with the gases from which the energy is recovered by the energy 
recovery device 58. Even after the energy is recovered by the energy recovery 
device 58, heat can be recovered from waste gases which contain heat energy 
by the boiler. 

[00301 According to c l a i m 10, as As shown in FIGS. 15 and 16, in the fuel 
gasification system d e f i n e d i n any on e of c l a i ms 4 , 5, and 9 described above , the 
boiler 58 may combust anoth e r a_fuel other than the gases supplied thereto. 
Even when the amount fef-of_heat required for the boiler and the amount of heat 
supplied from the char combustion chamber are brought out of balance, the 
difference can be compensated for by the other fuel. Therefore, an existing 
boiler 131 may be used as the boiler. 

[0031] To achieve the above object, a method of repowering an existing boiler 
according to c lai m 1 1 the present invention comprises, as shown in FIG. 15 or 
16, the steps of providing an existing boiler 131; and providing a fuel gasification 
system a ccord i ng to any on e of c l a i ms 1 through 3, 6 through 8, as described 
above for supplying combustion gases to the existing boiler 131. 
[0032] According to the above method, the fuel gasification system is connected 
to the existing boiler for supplying combustion gases to the existing boiler. 
Consequently, a boiler which has low efficiency and discharges a large amount 
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of carbon dioxide gas, such as an existing boiler which uses pulverized coal as a 
fuel, can be modified, i.e., repowered, into a highly e ff i c ie ncy efficient energy 
generating system. 

Brief Description of the Drawings 
[0033] FIG. 1 is a schematic diagram showing the basic concept of an integrated 
gasification furnace according to the present invention; 

FIG. 2 is a schematic diagram showing a modification of the integrated 
gasification furnace shown in FIG. 1, with a slanted furnace bottom and a 
partition wall having a bulge; 

FIGS. 3A and 3B are schematic diagrams showing a pressure control 
function of the integrated gasification furnace according to the present invention; 

FIG. 4 is a view showing a cylindrical furnace which embodies the 
integrated gasification furnace according to the present invention; 

FIG. 5 is a horizontal cross-sectional view of a fluidized bed of the 
cylindrical furnace shown in FIG. 4; 

FIG. 6 is a horizontal cross-sectional view showing a modification of the 
fluidized bed shown in FIG. 5; 

FIG. 7 is a horizontal cross-sectional view of a rectangular furnace which 
embodies the integrated gasification furnace according to the present invention; 

FIG. 8 is a horizontal cross-sectional view showing a modification of the 
rectangular furnace shown in FIG. 7; 

FIG. 9 is a schematic diagram of a normal-pressure-type integrated 
gasification furnace according to the present invention; 

FIG. 10 is a schematic diagram of a combined cycle power generation 
system which employs the integrated gasification furnace shown in FIG. 9; 

FIG. 11 is a schematic diagram of a combined cycle power generation 
system which employs the integrated gasification furnace according to the 
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present invention; 

FIG. 12 is a schematic diagram showing a modification of the combined 
cycle power generation system shown in FIG. 11; 

FIG. 13 is a schematic diagram showing a system for recovering power 
from generated gases from a normal-pressure-type integrated gasification 
furnace; 

FIG. 14 is a schematic diagram showing a system for recovering power 
from generated gases from a pressurized-type integrated gasification furnace; 

FIG. 15 is a schematic diagram showing a system which is a combination 
of the system for recovering power from generated gases from the normal- 
pressure-type integrated gasification furnace and an existing boiler; 

FIG. 16 is a schematic diagram showing a system which is a combination 
of the system for recovering power from generated gases from the pressurized- 
type integrated gasification furnace and an existing boiler; 

FIG. 17 is a schematic diagram of a conventional two-bed pyrolysis 
reactor system; and 

FIG. 18 is a schematic diagram of a combined cycle power generation 
system which employs a conventional fluidized-bed furnace. 

B e st Mod e for Carry i ng Out Detailed Description of the Invention 
[0034] Embodiments of the present invention will be described below with 
reference to FIGS. 1 through 16. 

[0035] FIG. 1 schematically shows the basic structure of a gasification furnace 
according to the present invention. An integrated gasification furnace 101 
according to the embodiment shown in FIG. 1 has a gasification chamber 1, a 
char combustion chamber 2, and a heat recovery chamber 3 for performing three 
respective ttwee — functions o f pyro l ys i s; — — g a s i f i c a t i on pyrolysis (i.e., 
gasification) , char combustion, and heat recovery, the chambers being housed in 
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a furnace which is cylindrical or rectangular, for example, in shape. The 
gasification chamber 1 , the char combustion chamber 2, and the heat recovery 
chamber 3 are divided by partition walls 11, 12, 13, 14, 15 to form fluidized beds, 
each comprising a dense bed containing a fluidizing medium, in respective 
bottoms. Gas diffusers for blowing fluidizing gases into the fluidizing medium are 
disposed on the furnace bottom of the chambers 1, 2, 3 for causing the fluidizing 
medium to be fluidized in the fluidized beds in the chambers 1, 2, 3, i . e . 3 (i.e. , 
the gasification chamber fluidized bed, the char combustion chamber fluidized 
bed, and the heat recovery chamber fluidized-bed bed) . Each of the gas 
diffusers comprises a porous plate, for example, placed on the furnace bottom. 
The gas diffuser is divided into a plurality of compartments. In order to change 
the space velocity m-aLvarious parts in each of the chambers, the speed of the 
fluidizing gases discharged from the compartments of the gas diffusers through 
the porous plates is changed. Since the space- gas velocity differs relatively from 
part to part in the chambers, the fluidizing medium in the chambers flows in 
different conditions in the parts of the chambers, thus developing internal 
revolving-flews flow patterns . In FIG. 1, the sizes of blank arrows in the gas 
diffusers represent the velocity of the discharged fluidizing gases. For example, 
thick arrows in areas indicated by 2b represent a higher velocity of the 
discharged fluidizing gases than a thin arrow in af*-the_area indicated by 2a. 
[0036] The gasification chamber 1 and the char combustion chamber 2 are 
divided from each other by the partition wall 11, the char combustion chamber 2 
and the heat recovery chamber 3 are divided from each other by the partition 
wall 12, and the gasification chamber 1 and the heat recovery chamber 3 are 
divided from each other by the partition wall 13. These chambers are not 
installed as separate furnaces, but installed as a single furnace. In the 
gasification furnace 101, the partition wall 11 serves as a second partition wall 
according to the present invention. A settling char combustion chamber 4 for 
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settling the fluidizing medium therein is disposed near a ^ace- portion of the char 
combustion chamber 2 which is in contact with the gasification chamber 1. Thus, 
the char combustion chamber 2 is separated into the settling char combustion 
chamber 4 and another portion of the char combustion chamber 2 (main char 
combustion chamber). The settling char combustion chamber 4 is divided from 
the char combustion chamber 2 (main char combustion chamber) by the partition 
wall 14. The settling char combustion chamber 4 and the gasification chamber 1 
are divided from each other by the partition wall 15 which serves as a first 
partition wall according to the present invention. 

[0037] A fluidized bed and an interface will be described below. The fluidized 
bed comprises a dense bed, positioned in a vertically lower region, which 
contains a high concentration of fluidizing medium (e.g., silica sand) that is held 
in a fluidizing state by the fluidizing gas, and a splash zone, positioned vertically 
upward l y of above the dense bed, which contains both the fluidizing medium and 
a large amount of gases, with the fluidizing medium splashing violently. 
Upwardly of Above the fluidized b e d, i . e ., upward l y o f bed (i.e., above the splash 
zone zone) , there is positioned a freeboard which contains almost no fluidizing 
medium, but is primarily made up of gases. The interface according to the 
present invention refers to a splash zone having a certain thickness. Otherwise, 
the interface may be understood as a hypothetical plane positioned intermediate 
between an upper surface of the splash zone and a lower surface of the splash 
zone (upper surface of the dense bed). 

[0038] Furthermore, with respect to a statement "chambers are divided from 
each other by a partition wall so as not to allow gases to flow vertically upwardly 
upward from an interface of a fluidized bed", it is preferable that no gases flow 
above the upper surface of the dense bed below the interface. 
[0039] The partition wall 11 between the gasification chamber 1 and the char 
combustion chamber 2 extends substantially fully from a ceiling 19 of the furnace 



17 



* 



to the furnace bottom (the porous plates of the gas diffusers). However, the 
partition wall 11 has a lower end that is not b ei ng in contact with the furnace 
bottom, and has a second opening 21 near the furnace bottom. However, the 
opening 21 has an upper end which does not extend upwardly from either one of 
the gasification chamber fluidized bed interface and the char combustion 
chamber fluidized bed interface. Preferably, the upper end of the opening 21 
does not extend upwardly from either one of the upper surface of the dense bed 
of the gasification chamber fluidized bed and the upper surface of the dense bed 
of the char combustion chamber fluidized bed. That is to say, the opening 21 
should preferably be arranged so as to be submerged in the dense bed at all 
times. Thus, the gasification chamber 1 and the char combustion chamber 2 are 
divided from each other by the partition wall such that no gases flow 
therebetween at least in the freeboard, or upwardly from the interface, or more 
preferably upwardly from the upper surface of the dense bed. 
[0040] The partition wall 12 between the char combustion chamber 2 and the 
heat recovery chamber 3 has an upper end located near the int e rfac e , i . e ., 
upward l y from interface (i.e., above the upper surface of the dense-bed bed) , but 
positioned downwardly from the upper surface of the splash zone. The partition 
wall 12 has a lower end extending in- toward the vicinity of the furnace bottom, 
but not being in contact with the furnace bottom as is the case with the partition 
wall 11. The partition wall 12 has an opening 22 near the furnace bottom, which 
does not extend upw a rd l y from above the upper surface of the dense bed. 
[0041] The partition wall 13 between the gasification chamber 1 and the heat 
recovery chamber 3 extends fully from the furnace bottom to the furnace ceiling. 
The partition wall 14 which divides the char combustion chamber 2 to provide the 
settling char combustion chamber 4 has an upper end located near the interface 
of the fluidized bed and a lower end b ei ng in contact with the furnace bottom. 
The relationship between the upper end of the partition wall 14 and the fluidized 
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bed is the same as the relationship between the partition wall 12 and the 
fluidized bed. The partition wall 15 which divides the settling char combustion 
chamber 4 and the gasification chamber 1 from each other is the same as the 
partition wall 11. The partition wall 15 extends fully from the furnace ceiling to 
the furnace bottom. The However, the partition wall 15 has a lower end that is 
not b ei ng in contact with the furnace bottom, and has a first opening 25 near the 
furnace bottom. The opening 25 has an upper end which is positioned 
downward l y from below the upper surface of the dense bed. Therefore, the 
relationship between the first opening 25 and the fluidized bed is the same as the 
relationship between the second opening 21 and the fluidized bed. 
[0042] A fuel including coal, waste, etc. charged into the gasification chamber is 
heated by the fluidizing medium, and pyrolyzed and gasified. Typically, the fuel 
is not combusted, but carbonized, in the gasification chamber 1. Remaining 
carbonized char and the fluidizing medium flow into the char combustion 
chamber 2 through the opening 21 in the lower portion of the partition wall 11. 
The char thus introduced from the gasification furnace 1 is combusted in the char 
combustion chamber 2 to heat the fluidizing medium. The fluidizing medium 
heated by the combustion heat of the char in the char combustion chamber 2 
flows beyond the upper end of the partition wall 12 into the heat recovery 
chamber 3. In the heat recovery chamber 3, the heat of the fluidizing medium is 
removed by a submerged heat transfer pipe 41 disposed downward l y from below 
the interface in the heat recovery chamber 3, so that the fluidizing medium is 
then cooled. The fluidizing medium then flows through the lower opening 22 in 
the partition wall 12 into the char combustion chamber 2. 
[0043] Volatile components of the combustibles charged into the gasification 
chamber 1 are instantaneously gasified, and then solid carbon (char) is gasified 
relatively slowly. Therefore, the retention time of the char in the gasification 
chamber 1, i.e., from the time when the char is charged into the gasification 
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chamber to the time when the char flows into the combustion chamber 2, can be 
an important factor for determining the gasification rate of the fuel (carbon 
conversion efficiency). 

[0044]When silica sand is used as the fluidizing medium, since the specific 
gravity of char is smaller than the specific gravity of the fluidizing medium, the 
char is accumulated mainly in an upper portion of the bed. If the furnace is of 
such a structure that the fluidizing medium flows into the gasification chamber 
and flows from the gasification chamber into the char combustion chamber 
through the lower opening in the partition wall, then the fluidizing medium that is 
present mainly in a lower portion of the bed can flow more easily from the 
gasification chamber into the char combustion chamber than the char present 
mainly in the upper portion of the b e d, and, conv e rs el y bed. Conversely , the char 
can flow less easily from the gasification chamber into the char combustion 
chamber. Therefore, it is possible to keep the average retention time of the char 
in the gasification chamber longer than if a completely mixed bed were 
developed in the gasification chamber. 

[0045] The fluidizing medium flowing from the settling char combustion chamber 
4 into the gasification chamber 1 is not mixed well with the bed in the gasification 
chamber 1, but flows mainly through a lower portion of the gasification chamber 
1 into the char combustion chamber 2. Even in this case, the fluidizing gas 
supplied from the gasification chamber bottom and the fluidizing medium perform 
a heat exchange to transfer heat from the fluidizing gas to the char, so that the 
heat for gasifying the char can be supplied indirectly from the sensible heat of 
the fluidizing medium. 

[0046] Furthermore, it is possible to change the mixed condition of the fluidizing 
medium and the char in the gasification chamber by adjusting the flowrate of the 
fluidizing gas in the gasification chamber to control the state of the revolving 
flows in the gasification chamber, for thereby controlling the average retention 
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time of the char in the gasification chamber. 

[0047] With the furnace structure according to the present invention, the height of 
the fluidized bed in the gasification chamber can freely be changed by controlling 
the pressure difference between the gasification chamber and the char 
combustion chamber. It is possible to control the average holding time of the 
char in the gasification chamber according to this method. 
[0048] The heat recovery chamber 3 is not indispensable for the fuel gasification 
system according to the present invention. Specifically, if the amount of char, 
composed mainly of carbon, remaining after the volatile components are gasified 
in the gasification chamber 1 and the amount of char required to heat the 
fluidizing medium in the char combustion chamber 2 are nearly equal to each 
other, then the heat recovery chamber 3 which deprives the fluidizing medium of 
heat is not necessary. If the difference between the above amounts of char is 
small, then the gasifying temperature in the gasification chamber 1 becomes 
higher, resulting in an increase in the amount of a CO gas generated in the 
gasification chamber 1, so that a carbon balance will be kept in the gasification 
chamber 1. 

[0049] In the case that the heat recovery chamber 3 shown in FIG. 1 is 
employed, the integrated gasification furnace is capable of handling a wide 
variety of fuels ranging from coal which produces a large amount of char to 
municipal waste which produces a little amount of char. Therefore, irrespective 
of whatever fuel may be used, the combustion temperature in the char 
combustion chamber 2 can appropriately be adjusted to keep the temperature of 
the fluidizing medium ad e quat e ly adequate by controlling the amount of heat 
recovered in the heat recovery chamber 3. 

[0050] The fluidizing medium which has been heated in the char combustion 
chamber 2 flows beyond the upper end of the fourth partition wall 14 into the 
settling char combustion chamber 4, and then flows through the opening 25 in 
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the lower portion of the partition wall 15 into the gasification chamber 1. 

[0051] The flowing state and movement of the fluidizing medium between the 

chambers will be described below. 

[0052] A region in the gasification chamber 1 which is near and in contact with 
the partition wall 15 between the gasification chamber 1 and the settling char 
combustion chamber 4 serves as a strongly fluidized region 1b where a fluidized 
state is maintained more vigorously than the fluidized state in the settling char 
combustion chamber 4. The space-velocity of the fluidizing gases may be varied 
from place to place th e l ocat i on in order to promote the mixing and diffusion of 
the charged fuel and the fluidizing medium. For example, as shown in FIG. 1, a 
weakly fluidized region 1a may be produced in addition to the strongly fluidized 
region 1b for forming revolving flows. 

[0053] The char combustion chamber 2 has a central weakly fluidized region 2a 
and a peripheral strongly fluidized region 2b therein, causing the fluidizing 
medium and the char to form internal revolving flows. It is preferable that the 
fluidizing velocity of the gas in the strongly fluidized regions in the gasification 
chamber 1 and the char combustion chamber 2 be 5 Umf or higher, and the 
fluidizing velocity of the gas in the weakly fluidized regions therein be 5 Umf or 
lower. However, the fluidizing velocities of the gas may exceed these ranges if a 
relative clear difference is provided between the fluidizing velocity in the weakly 
fluidized region and the fluidizing velocity in the strongly fluidized region. The 
strongly fluidized region 2b may be arranged in regions in the char combustion 
chamber 2 which contact the heat recovery chamber 3 and the settling char 
combustion chamber 4. If necessary, the furnace bottom may have such a slope 
that the furnace bottom goes down from the weakly fluidized region toward the 
strongly fluidized region (FIG. 2). Here, "Umf represents the minimum fluidizing 
velocity (the gas velocity at which fluidization begins) of the fluidized medium. 
Therefore, 5 Umf represents a velocity which is five times the minimum of th e 
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fluidizing velocity of the fluidized medium. 

[0054] As described above, the fluidized state in the char combustion chamber 2 
near the partition wall 12 between the char combustion chamber 2 and the heat 
recovery chamber 3 is relatively stronger than the fluidized state in the heat 
recovery chamber 3. Therefore, the fluidizing medium flows from the char 
combustion chamber 2 into the heat recovery chamber 3 beyond the upper end 
of the partition wall 12 which is positioned near the interface of the fluidized bed. 
The fluidizing medium that has flowed into the heat recovery chamber 3 moves 
downwardly (toward the furnace bottom) because of the relatively weakly 
fluidized state, i.e., the highly dense state, in the heat recovery chamber 3, and 
then moves from the heat recovery chamber 3 through the opening 22 in the 
lower end of the partition wall 12 near the furnace bottom and into the char 
combustion chamber 2. 

[0055] Similarly, the fluidized state in the major part of the char combustion 
chamber 2 near the partition wall 14 between the major part of the char 
combustion chamber 2 and the settling char combustion chamber 4 is relatively 
stronger than the fluidized state in the settling char combustion chamber 4. 
Therefore, the fluidizing medium flows from the major part of the char 
combustion chamber 2 into the settling char combustion chamber 4 beyond the 
upper end of the partition wall 14 which is positioned near the interface of the 
fluidized bed. The fluidizing medium that has flowed into the settling char 
combustion chamber 4 moves downwardly (toward the furnace bottom) because 
of the relatively weakly fluidized state, i.e., the highly dense state, in the settling 
char combustion chamber 4, and then moves from the settling char combustion 
chamber 4 through the opening 25 in the lower end of the partition wall 15 near 
the furnace bottom into the gasification chamber 1. The fluidized state in the 
gasification chamber 1 near the partition wall 15 between the gasification 
chamber 1 and the settling char combustion chamber 4 is relatively w ea k e r 
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stronger than the fluidized state in the settling char combustion chamber 4. This 
relatively wea^ strong fluidized state promot e s by induc i ng induces the fluidizing 
medium to move from the settling char combustion chamber 4 into the 
gasification chamber 1. 

[0056] Similarly, the fluidized state in the char combustion chamber 2 near the 
partition wall 1 1 between the gasification chamber 1 and the char combustion 
chamber 2 is relatively stronger than the fluidized state in the gasification 
chamber 1. Therefore, the fluidizing medium flows through the opening 21 
(submerged in the dense bed) in the partition wall 11 below the interface of the 
fluidized bed, preferably below the upper surface of the dense bed, into the char 
combustion chamber 2. 

[0057] Generally, if two chambers A, B are divided from each other by a partition 
wall X whose upper end is positioned near the interface, a fluidizing medium 
moves between the two chambers A, B depending on the fluidized states in the 
chambers A, B near the partition wall X. For example, when the fluidized state in 
the chamber A is stronger than the fluidized state in the chamber B, the fluidizing 
medium flows from the chamber A into the chamber B beyond the upper end of 
the partition wall X. If chambers A, B are divided from each other by a partition 
wall Y whose lower end (submerged in the dense bed) is positioned below the 
interface, preferably below the upper surface of the dense bed, that is, by a 
partition wall Y which has an opening positioned below the interface or 
submerged in the dense bed, a fluidizing medium moves between the two 
chambers A, B depending on the fluidizing intensity in the chambers A, B near 
the partition wall Y. For example, when the fluidized state in the chamber A is 
stronger than the fluidized state in the chamber B, the fluidizing medium flows 
from the chamber B into the chamber A through the opening in the lower end of 
the partition wall Y. The movement of the fluidizing medium may be induced by 
the relatively strongly fluidized state of the fluidizing medium in the chamber A, or 
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te-by the higher density of the fluidizing medium in the relatively weakly fluidized 
state in the chamber B than the density of the fluidizing medium in the chamber 
A. When the above movement of the fluidizing medium between the chambers 
occurs in one place, the mass balance between the chambers tend to be lost, 
but the fluidizing medium is caused to move between the chambers in another 
place in order to keep the mass balance. 

[0058] With respect to a partition which defines one chamber and the relative 
relationship between the upper end of the partition wall X and the lower end of 
the partition wall Y, the upper end of the partition wall X beyond which the 
fluidizing medium moves is positioned vertically upward l y from above the lower 
end of partition wall Y below which the fluidizing medium moves. By arranging 
the above structure, when the fluidizing medium fills the chamber and is 
fluidized, and the amount of fluidizing medium filling the chamber is appropriately 
determined, the upper end can be positioned near the interface of the fluidized 
bed and the lower end can be positioned so as to be submerged in the dense 
bed. By appropriately setting up the intensity of the fluidization near the partition 
wall as described above, the fluidizing medium can be moved in a desired 
direction with respect to the partition wall X or the partition wall Y, and the flow of 
gases between the two chambers divided from each other by the partition wall Y 
can be eliminated. 

[0059] The above method is applied to the gasification furnace shown in FIG. 1 
as follows: The char combustion chamber 2 and the heat recovery chamber 3 
are divided from each other by the partition wall 12 whose upper end is 
positioned near the height of the interface and lower end submerged in the 
dense bed, and the fluidized state in the char combustion chamber 2 near the 
partition wall 12 is stronger than the fluidized state in the heat recovery chamber 
3 near the partition wall 12. Therefore, the fluidizing medium flows from the char 
combustion chamber 2 into the heat recovery chamber 3 beyond the upper end 
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of the partition wall 12, and then moves from the heat recovery chamber 3 under 
the lower end of the partition wall 12 into the char combustion chamber 2. 
[0060] The char combustion chamber 2 and the gasification chamber 1 are 
divided from each other by the partition wall 15 whose lower end is submerged in 
the dense bed. The settling char combustion chamber 4 is disposed in the char 
combustion chamber 2 near the partition wall 15, and the settling char 
combustion chamber 4 is surrounded by the partition wall 14 whose upper end is 
positioned near the height of the interface and the partition wall 15. The fluidized 
state in the major part of the char combustion chamber 2 near the partition wall 
14 is stronger than the fluidized state in the settling char combustion chamber 4 
near the partition wall 14. Therefore, the fluidizing medium flows from the major 
part of the char combustion chamber 2 into the settling char combustion 
chamber 4 beyond the upper end of the partition wall 14. With this arrangement, 
the fluidizing medium which has flowed into the settling char combustion 
chamber 4 moves from the settling char combustion chamber 4 under the lower 
end of the partition wall 15 into the gasification chamber 1 in order to maintain a 
mass balance at least. At this time, if the fluidized state in the gasification 
chamber 1 near the partition wall 15 is stronger than the fluidized state in the 
settling char combustion chamber 4 near the partition wall 15, then the 
movement of the fluidizing medium is promoted by an inducing function. 
[0061] The gasification furnace 1 and the major part of the char combustion 
chamber 2 are divided from each other by the second partition wall 11 whose 
lower end is submerged in the dense bed. The fluidizing medium which has 
moved from the settling char combustion chamber 4 into the gasification furnace 
1 moves under the lower end of the partition wall 1 1 into the char combustion 
chamber 2 in order to maintain the aforementioned mass balance. At this time, if 
the fluidized state in the char combustion chamber 2 near the partition wall 1 1 is 
stronger than the fluidized state in the gasification furnace 1 near the partition 



wall 11, then the fluidizing medium moves not only to maintain the 
aforementioned mass balance, but also is induced to move into the char 
combustion chamber 2 due to the strongly fluidized state. 
[0062] In the embodiment shown in FIG. 1, the fluidizing medium descends in the 
settling char combustion chamber 4 which is part of the char combustion 
chamber 2. A similar structure may be provided as a settling gasification 
chamber (not shown) in part of the gasification chamber 1, specifically, at the 
opening 21. That is, the fluidized state in the settling gasification chamber is 
made relatively weaker than the fluidized state in the major part of the 
gasification chamber to cause the fluidizing medium in the major part of the 
gasification chamber to flow beyond the upper end of the partition wall into the 
settling gasification chamber, and the settled fluidizing medium moves through 
the opening 21 into the char combustion chamber. At this time, the settling char 
combustion chamber 4 may be, or may not be, provided together with the settling 
gasification chamber. By employing the settling gasification chamber, as is the 
case of the gasification furnace shown in FIG. 1, the fluidizing medium moves 
from the char combustion chamber 2 through the opening 25 into the gasification 
chamber 1, and then moves from the gasification chamber 1 through the opening 
21 into the char combustion chamber 2. 

[0063] The heat recovery chamber 3 is uniformly fluidized, and usually 
maintained in a fluidized state which is, at maximum, weaker than the fluidized 
state in the char combustion chamber 2 b e en in contact with the heat recovery 
chamber. The spac e velocity of the fluidizing gases in the heat recovery 
chamber 3 is controlled to be in toe-a_range from 0 to 3 Umf, and the fluidizing 
medium is fluidized weakly, forming a settled fluidized layer. The space velocity 
0 Umf represents that the fluidizing gases is stopped. In this manner, the heat 
recovery in the heat recovery chamber 3 can be minimized. That is, the heat 
recovery chamber 3 is capable of adjusting the amount of recovered heat in a 
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range from maximum to minimum levels by changing the fluidized state of the 
fluidizing medium. In the heat recovery chamber 3, the fluidization can be 
initiated and stopped, or adjusted in its intensity uniformly throughout the whole 
chamber, the fluidization can be stopped in a certain area of the chamber and 
performed in the other area, or the fluidization in the certain area of the chamber 
can be adjusted in its intensity. 

[0064] All the partition walls between the chambers are ordinarily vertical walls. 
If necessary, a partition wall may have a bulge. For example, as shown in FIG. 
2, the partition walls 12, 14 may have bulges 32 near the interface of the 
fluidized bed in the char combustion chamber 2 for changing the direction of flow 
of the fluidizing medium near the partition walls to promote the internal revolving 
flows. Relatively large incombustibles contained in the fuel are discharged from 
an incombustible discharge port 33 provided in the furnace bottom of the 
gasification chamber 1. The furnace bottom in each of the chambers may be 
horizontal, but the furnace bottom may be slanted along the flows- flow patterns 
of the fluidizing medium in the vicinity of the furnace bottom so that the f l ows flow 
of the fluidizing medium will not be kept stagnant, as shown in FIG. 2. An 
incombustible discharge port may be provided in not only the furnace bottom of 
the gasification chamber 1 , but also the furnace bottom of the char combustion 
chamber 2 or the heat recovery chamber 3. 

[0065] Most preferably, the fluidizing gas in the gasification chamber 1 comprises 
a compressed generated gas in recycled use. In the case that the fluidizing gas 
comprises a generated gas, the gas discharged from the gasification chamber is 
the gas generated only from the fuel, and hence a gas of very high quality can be 
obtained. In the case that the fluidizing gas cannot be a generated gas, it may 
comprise a gas containing as little oxygen as possible (oxygen-free gas), such 
as water steam or the like. If the bed temperature of the fluidizing medium is 
lowered due to the endothermic reaction upon gasification, then oxygen or an 
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oxygen containing gas, e.g., air, may be supplied, in addition to the oxygen-free 
gas, to combust part of the generated gas. The fluidizing gas supplied to the 
char combustion chamber 2 comprises a-an oxygen containing gas, e.g., air or a 
mixed gas of oxygen and steam, required to combust the char. The fluidizing 
gas supplied to the heat recovery chamber 3 comprises air, water steam, a 
combustion exhaust gas, or the like. 

[0066] Areas above the surfaces of the fluidized beds (the upper surfaces of the 
splash zones) in the gasification furnace 1 and the char combustion chamber 2, 
i.e., the freeboards, are completely divided by the partition walls. More 
specifically, areas above the surfaces of the dense beds of the fluidized beds, 
i.e., the splash zones and the freeboards, are completely divided by the partition 
walls. Therefore, as shown in FIGS. 3A and 3B, even when the pressures P1, 
P2 in the char combustion chamber 2 and the gasification furnace 1 are brought 
out of balance, the pressure difference can be absorbed by a slight change in the 
difference between the positions of the interfaces of the fluidized beds in the 
chambers, or the difference between the positions of the surfaces of the dense 
b e ds, i . e . beds (i.e. , the bed height d i ff e r e nc e difference . Specifically, since the 
gasification furnace 1 and the char combustion chamber 2 are divided from each 
other by the partition wall 15, even when the pressures P1, P2 in these 
chambers are varied, the pressure difference can be absorbed by the bed height 
difference until either one of the beds is lowered to the upper end of the opening 
25. Therefore, an upper limit for the pressure difference (P1 - P2 or P2 - P1) 
between the freeboards in the char combustion chamber 2 and the gasification 
furnace 1 which can be absorbed by the bed height difference is substantially 
equal to the difference between the head of the gasification chamber fluidized 
bed from the upper end of the opening 25 and the head of the char combustion 
chamber fluidized bed from the upper end of the opening 25. 
[0067] In the integrated gasification furnace 101 according to the embodiment 
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described above, the three chambers, i.e., the gasification chamber, the char 
combustion chamber, and the heat recovery chamber, which are divided from 
each other by the partition walls, are disposed in one fluidized-bed furnace, with 
the char combustion chamber and the gasification chamber being positioned 
adjacent to each other, and the char combustion chamber and the heat recovery 
chamber being positioned adjacent to each other. Inasmuch as the integrated 
gasification furnace 101 differs from the two-bed pyrolysis reactor system in that 
a large amount of fluidizing medium can be circulated between the char 
combustion chamber and the gasification chamber, the quantity of heat for 
gasification can sufficiently be supplied only by the sensible heat of the fluidizing 
medium. It is, therefore, possible to realize, with utmost ease, the principle of the 
power generation system using an improved pressurized fluidized-bed furnace 
so that it is possible to obtain generated gases in as small an amount as possible 
and having a-as high acaiorific value as possible. 

[0068] In this embodiment, since a complete seal is provided between char 
combustion gases and generated gases, the pressure balance between the 
gasification chamber and the char combustion chamber is controlled well without 
causing the combustion gases and the generated gases to be mixed with each 
other and degrading the properties of the generated gases. 
[0069] The fluidizing medium as the heat medium and the char flow from the 
gasification chamber 1 into the char combustion chamber 2, and the same 
amount of fluidizing medium returns from the char combustion chamber 2 to the 
gasification chamber 1. Therefore, input and output of the fluidizing medium is 
naturally balanced. It is not necessary to mechanically deliver, with a conveyor 
or the like, the fluidizing medium from the char combustion chamber 2 back into 
the gasification chamber 1 . Therefore, the present embodiment is free of the 
prob le ms of th e difficulty in handling high-temperature particles and a large 
sensible heat loss. 
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[0070] As described above, according to the present e mbod i m e nt embodiment 
as shown in FIG. 1, in the integrated gasification furnace having three functions 
of pyrolysis and gasification of the fuel, char combustion, and submerged heat 
recovery coexistent in one fluidized-bed furnace, for supplying a high- 
temperature fluidizing medium in the char combustion chamber as the heat 
medium to supply a heat source for pyrolysis and gasification to the gasification 
chamber, the gasification chamber and the heat recovery chamber are fully 
divided from each other by the partition wall extending from the furnace bottom 
to the ceiling or provided, so as not to be in contact with each other, the 
gasification chamber and the char combustion chamber are fully divided from 
each other by the partition wall above the interface of the fluidized bed, and the 
intensity of the fluidized state in the gasification chamber near the partition wall 
and the intensity of the fluidized state in the char combustion chamber are kept 
in a predetermined r el at i onsh i p for th e r e by mov i ng relationship. Therefore, the 
fluidizing medium is moved from the char combustion chamber through the 
opening provided in the partition wall near the furnace bottom into the 
gasification chamber, and mov i ng the fluidizing medium is moved from the 
gasification chamber into the char combustion chamber. 
[0071] In this embodiment, since the gasification chamber and the char 
combustion chamber are fully divided from each other by the partition wall above 
the interface of the fluidized bed, even when the gas pressures in these 
chambers are changed, gas seal between these chambers is kept, and the 
combustion gases and the generated gases are prevented from being mixed with 
each other. Therefore, no special control is required to achieve a gas seal 
between the gasification chamber and the char combustion chamber. By 
keeping the predetermined intensity of the fluidized state in the gasification 
chamber near the partition wall and the intensity of the fluidized state in the char 
combustion chamber, the fluidizing medium can stably be moved in a large 
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amount from the char combustion chamber through the opening provided in the 
partition wall near the furnace bottom into the gasification chamber. Therefore, 
no mechanical means for handling high-temperature particles is required to 
move the fluidizing medium from the char combustion chamber into the 
gasification chamber. 

[0072] In the integrated gasification furnace, a weakly fluidized region in the char 
combustion chamber which is in contact with the gasification chamber may serve 
as the settling char combustion chamber, which may be separated from the 
major part of the char combustion chamber by the partition wall which extends 
from the furnace bottom to a position near the interface of the fluidized bed. A 
strongly fluidized region and a weakly fluidized region may be defined in each of 
the char combustion chamber, the settling char combustion chamber, and the 
gasification chamber for producing internal revolving flows of the fluidizing 
medium in each of the chambers. 

[0073] In the above integrated gasification furnace, the heat recovery chamber 
may be disposed in contact with the strongly fluidized region in the char 
combustion chamber, the heat recovery chamber and the char combustion 
chamber may have openings near the furnace bottom, and may be divided from 
each other by the partition wall whose upper end reaches a position near the 
interface of the fluidized bed, and the fluidized state in the char combustion 
chamber near the partition wall may be relatively stronger than the fluidized state 
in the heat recovery chamber to produce forces to circulate the fluidizing 
medium. Alternatively, the heat recovery chamber may be disposed in contact 
with the strongly fluidized region in the settling char combustion chamber, the 
heat recovery chamber and the settling char combustion chamber may have 
openings near the furnace bottom, and may be divided from each other by the 
partition wall whose upper end reaches a position near the interface of the 
fluidized bed, and the fluidized state in the settling char combustion chamber 
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near the partition wall may be relatively stronger than the fluidized state in the 
heat recovery chamber to produce forces to circulate the fluidizing medium. 
[0074] The fluidizing gas in the gasification chamber comprises an oxygen-free 
gas. The oxygen-free gas may comprise a gas which does not contain oxygen 
at all, e.g., water steam or the like. 

[0075] The furnace bottom in each of the gasification chamber, the char 
combustion chamber, and the heat recovery chamber may be slanted along the 
flews^ flow patterns of the fluidizing medium in the vicinity of the furnace bottom. 
The temperature of the gasification chamber may be adjusted by controlling the 
fluidized state in the weakly fluidized region in the char combustion chamber 
which is in contact with the gasification chamber. 

[0076] FIG. 4 shows an embodiment in which the present invention is applied to 
a cylindrical furnace having a vertical axis. A cylindrical integrated gasification 
furnace 10 houses a cylindrical partition wall 10a concentric with an outer wall 
thereof, the partition wall 10a defining a char combustion chamber 2 therein. 
Settling char combustion chambers 4, a gasification chamber 1, and a heat 
recovery chamb e r 3; chamber 3, each of- havinq a sectorial shape (a shape 
bounded between two radius in an annular area defined between two concentric 
ci rc le s); circles), are disposed in an annular area extending outside of the 
partition wall 10a surrounding the char combustion chamber 2. The gasification 
chamber 1 and the heat recovery chamber 3 are positioned opposite to each 
other with the settling char combustion chambers 4 interposed therebetween. 
The gasification furnace ef- havinq the above cylindrical shape can easily be 
housed in a pressure vessel as with an integrated gasification furnace shown in 
FIG. 11. The integrated gasification furnace 10 has a basic structure that is 
similar to the gasification furnace 101 shown in RG^I- FIG. 1, except that it is 
pressurized and is arranged so that it can easily be housed in a pressure vessel 
50. 
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[0077] FIG. 5 is a horizontal cross-sectional view of a fluidized bed in the 
embodiment shown in FIG. 4. The char combustion chamber 2 is positioned at 
the center, the gasification chamber 1 at a peripheral area, and the heat recovery 
chamber 3 opposite to the gasification chamber 1, with the two sectorial settling 
char combustion chambers 4 being interposed between the gasification chamber 
1 and the heat recovery chamber 3. There are a plurality of gas diffusers 
positioned at the furnace bottom of the sectorial gasification chamber 1 , which 
has strongly fluidized regions 1b at its opposite ends for providing an increased 
space velocity and a weakly fluidized region 1a at its center for providing a 
reduced space velocity. The fluidizing medium in the gasification furnace forms 
internal revolving flows- patterns which rise in the strongly fluidized regions 1b 
and settle in the weakly fluidized region 1a. The revolving flows diffuse a fuel F 
charged into the gasification furnace 1 wholly in the gasification furnace 1, which 
is thus effectively utilized. 

[0078] The fluidizing gas in the gasification furnace 1 comprises mainly a 
generated gas in recycled use or a gas free of oxygen, such as water steam or a 
combustion exhaust gas. When the temperature of the gasification chamber 



may be mixed with the fluidizing gas. A partition wall 1 1 between the gasification 
chamber 1 and the char combustion chamber 2 has an opening 21 provided 
therein near the furnace bottom, and fully divides the gasification chamber 1 and 
the char combustion chamber 2 from each other up to the ceiling except for the 
opening 21. The fuel F which is pyrolyzed and gasified in the gasification 
chamber 1 flows through the opening 21 into the char combustion chamber 2. 
The opening 21 may be provided fully across the gasification chamber 1, bwt-or 
may be provided only in the weakly fluidized region. In FIG. 5, black arrows 
indicate paths of movement of the fluidizing medium in settling flows through 
openings in the partition walls at the furnace bottom, and gray arrows indicate 




is_excessively reduced, oxygen or an oxygen containing gas, e.g., air, 
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paths of movement of the fluidizing medium in rising flows over the upper ends of 
the partition walls. 

[0079] The operating temperature of the gasification furnace 1 can be adjusted to 
an optimum temperature with each fuel. If the fuel has a relatively low 
gasification rate and produces a large amount of char, such as coal, then the 
gasification furnace 1 can obtain a high gasification rate by maintaining a 
temperature ranging from 800 to 900°C therein. If the fuel produces a small 
amount of char, such as municipal waste, then the gasification furnace 1 can 
obtain a stable operation while removing chlorine and controlling a volatile 
release rate, by maintaining a bed temperature in the range from 350 to 450°C. 
[0080] The gas diffusers at the furnace bottom of the char combustion chamber 2 
are divided into those at a central region and those at a peripheral region, and 
diffuse the fluidizing gases such that the central region forms a weakly fluidized 
region 2a and the peripheral region forms a strongly fluidized region 2b. The 
strongly fluidized region 2b forms therein a rising fluidized bed in which the 
fluidizing medium ascends and the weakly fluidized region 2a forms therein a 
settling fluidized bed in which the fluidizing medium descends. 
[0081] The char combustion chamber 2 should be maintained at as high a 
temperature as possible, preferably at a bed temperature of around 900°C, for 
promoting char combustion and supplying sensible heat to the gasification 
chamber 1. In the case of fluidized bed combustion accompanying an 
endothermic reaction therein, generally, the possibility of agglomeration 
formation increases in the operation at foe~a_temperature of around 900°C. In 
this embodiment, however, the revolving flows in the char combustion chamber 
promote heat diffusion and char diffusion, making it possible to combust char 
stably without agglomeration formation. The agglomeration refers to a solidified 
lump originated in melted ash of the fluidizing medium and the fuel. 
[0082] The settling char combustion chambers 4 should preferably be kept wholly 
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in a weakly fluidized state in order to form a settling fluidized layer. However, as 
shown in FIG. 4, each of the settling char combustion chambers 4 may have a 
weakly fluidized region 4a and a strongly fluidized region 4b for promoting heat 
diffusion, and an internal revolving flow may be produced to form a settling 
fluidized layer in a region being in contact with the gasification furnace 1. 
[0083] In this embodiment, as shown in FIG. 4, partitions 16 between the settling 
char combustion chambers 4 and the heat recovery chamber 3 have ite— their 
lower ends te-reach the furnace bottom and their upper ends located in a 
position much higher than the interface of the fluidized bed for preventing the 
fluidizing medium from flowing between the settling char combustion chambers 4 
and the heat recovery chamber 3. This is because for a fuel containing high 
fixed carbon such as coal, the fluidizing medium flowing from the settling char 
combustion chambers into the gasification chamber should preferably have a 
temperature which is as high as possible, and it is not preferable for the fluidizing 
medium cooled in the heat recovery chamber 3 to be mixed with a nd a l so for the 
high-temperature fluidizing medium that is to flow into the gasification chamber 4 
1, or for the high-temperature medium to flow into the heat recovery chamber 3. 
[0084] In the case that the integrated gasification furnace according to this 
embodiment is used for gasification combustion of waste materials, the partition 
walls 16 may have upper ends positioned near the interface of the fluidized bed, 
and openings provided therein near the furnace bottom for causing the fluidizing 
medium to circulate between the settling char combustion chambers 4 and the 
heat recovery chamber 3. This is because for a fuel which produces char at a 
low rate, such as wastes, the combustion temperature in the char combustion 
chamber cannot be maintained unless the temperature of the gasification 
chamber is lowered to reduce the gas production rate. In this case, as shown in 
FIG. 6, a gas diffuser at the furnace bottom of the heat recovery chamber 3 is 
divided, and the heat recovery chamber 3 is separated by partition walls 16a for 
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using one part as-with the char combustion chamber and another part as the 
settling char combustion chamber, so that the temperatures of the char 
combustion chamber and the gasification chamber can be controlled 
independently of each other. A gas diffuser at the furnace bottom of each of the 
settling char combustion chambers 4 may be divided for forming strongly 
fluidized regions 4b in contact with the heat recovery chamber 3. 
[0085] Radial submerged heat transfer pipes 41 are disposed in the heat 
recovery chamber 3. The fluidizing medium flowing from the char combustion 
chamber 2 beyond the partition wall 12 is cooled by the heat transfer pipes 41, 
and then fetw weturns through the opening 22 in the lower portion of the 
partition wall 12 back into the char combustion chamber 2. Since the pitch or 
spacing of the submerged heat transfer pipes extends toward the peripheral 
region, the resistance charged to the fluidizing medium which flows across the 
submerged heat transfer pipes is smaller in the peripheral region. Therefore, the 
fluidizing medium flowing into the char combustion chamber 2 is uniformly 
dispersed in the peripheral region, resulting in effective utilization of the entire 
volume of the heat recovery chamber 3. Therefore, the integrated gasification 
furnace is of a compact structure as a whole. 

[0086] FIG. 7 shows a rectangular furnace which embodies the integrated 
gasification furnace according to the present invention. When the integrated 
gasification furnace is used under atmospheric pressure, the outer wall of the 
gasification furnace is not required to b e of have a w i thstand pr e ssur e withstand- 
pressure structure. For this reason, the rectangular furnace is preferable also 
from a viewpoint of manufacturing. 

[0087] In the case that the fuel type is suitable for operating the integrated 
gasification furnace at a reduced temperature, as shown in FIG. 7, the heat 
recovery chamber 3 is divided into frem-the char combustion chamber and the 
settling char combustion chamber by partition walls 13, 16, so that the 
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temperature of the fluidizing medium to be supplied to the gasification chamber 1 
can be controlled independently from the temperature in the char combustion 
chamber 2. 

[0088] In the rectangular furnace shown in FIG. 7, both the fluidizing medium in 
the weakly fluidized region in the char combustion chamber 2 and the fluidizing 
medium in the heat recovery chamber 3 which is in contact with the weakly 
fluidized region in the char combustion chamber 2 are in the weakly fluidized 
state. Therefore, the fluidizing medium does not have a definite direction to 
move in, and may not effectively perform its function as a heat medium. In such 
a case, as shown in FIG. 8, the region of the heat recovery chamber 3 which is in 
contact with the weakly fluidized region in the char combustion chamber 2 may 
be opened outwardly of the furnace, and the open region may be used 
effectively, e.g., by providing a supply port for recycled char. 
[0089] FIG. 9 shows an embodiment in which the present invention is applied to 
an atmospheric-pressure-type fluidized-bed furnace. 

[0090] In this embodiment, even if the fuel contains chlorine, the submerged heat 
transfer pipes 41 in the heat recovery chamber 3 and heat transfer pipes 42 in 
the freeboard of the char combustion chamber are not almost exposed to the 
chlorine, so that the steam temperature can be increased to 350°C or higher, 
which is the maximum steam temperature in a conventional waste incinerator, or 
even to 500°C or higher. In a region where the combustion gases are blown 
from the char combustion chamber 2 into the gasification chamber 1, remaining 
oxygen in the combustion gases reacts with combustible gases, resulting in a 
high temperature. In this region, therefore, the combustion of the char and the 
decarboxylation of limestone are promoted for enhancing combustion efficiency 
and desulfurization efficiency. A pressure loss caused when the combustion 
gases are blown from the char combustion chamber 2 into the gasification 
chamber 1 ranges from about 200 to 400 mmAq. Since the head of the fluidized 
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bed from the lower end of the partition wall 15 to the interface of the fluidized bed 
is normally in the range from 1500 to 2000 mmAq, a pressure difference can 
automatically be maintained when the bed height in the gasification chamber is 
slightly lower than the bed height in the char combustion chamber, as shown in 
FIGS. 3A and 3B, and hence no special control is required. 
[0091] FIG. 10 shows a process flow for melting ash by using a gas generated in 
the integrated gasification furnace according to the present invention. In this 
embodiment, the furnace 10 at atmospheric pressure has the gasification 
chamber 1, the char combustion chamber 2, the heat recovery chamber 3, and 
the settling char combustion chamber 4 provided therein. When a large amount 
of fluidizing medium is circulated through these chambers, the integrated 
gasification furnace operates stably in the same manner as the above 
embodiments. In this embodiment, part of the pyrolysis gases from the 
gasification chamber 1 is introduced into a slagging combustion furnace 54 for 
melting the ash. A waste boiler removes heat from the remaining pyrolysis 
aasesr- gases together with the char combustion gas, and the remaining pyrolysis 
gases are dedusted by a deduster 52, and then discharged te-outside. 
[0092] FIG. 1 1 shows a combined cycle power generation system which employs 
the integrated gasification furnace according to the present invention. 
[0093] The integrated gasification furnace 10 is disposed in a pressure vessel 50 
and operated under pressurized condition. The integrated gasification furnace 
10 may b e of have an integral structure such that the outer wall of the integrated 
gasification furnace 10 works as the pressure vessel. Part of the combustible 
gases generated in the gasification furnace 1 is supplied to a slagging 
combustion furnace 54 under normal pressure, and used to~as the heat for 
melting ash. Remaining combustible gases, together with the char combustion 
gases, are dedusted by a high-temperature dust collector 51, and then led to a 
topping combustor 53 as a stabilizing combustion chamber, which generates 
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high-temperature exhaust gases to be supplied to a gas turbine 55 as an energy 
recovery device. The gas turbine 55 has a structure identical to a gas turbine of 
an ordinary gas turbine unit, and is called a power recovery turbine. 
[0094] Heat transfer pipes 42 may be installed in an upper portion of the char 
combustion chamber 2. Even if the fuel contains chlorine, since almost all of the 
chlorine is contained in gases generated in the gasification furnace 1 , the char 
combustion gases contain almost no chlorine in this embodiment. Therefore, the 
heat transfer pipes 42 may be used as a steam superheater to superheat steam 
at 500°C or higher. Inasmuch as submerged heat transfer pipes 41 installed in 
the heat recovery chamber 3 are less exposed to a corrosive environment than 
the heat transfer pipes 42, the submerged heat transfer pipes 41 may be used as 
a steam superheater to superheat steam at higher temperatures than the heat 
transfer pipes 42. If the concentration of chlorine in the fuel is relatively high, 
then since the concentration of chlorine in the combustible gases is also high, 
the whole amount of combustible gases is led to the slagging combustion 
furnace 54 to prevent the topping combustor 53 and the gas turbine 55 from 
being corroded. 

[0095] The power generation system which employs the pressurized fluidized- 
bed furnace shown in FIG. 11 operates as fo l lows: follows. First of all, coal is 
gasified in the pressurized gasification furnace, and generated unburned carbon 
(so-called char) is combusted in the pressurized char combustion chamber 2. 
Combustion gases from the char combustion chamber 2 and generated gases 
from the gasification chamber 1 are respectively cleaned by the high- 
temperature dust collectors 51, 52, and then mixed and combusted in the 
topping combustor 53, which produces high-temperature gases to drive the gas 
turbine 55. Each of the high-temperature dust collectors 51, 52 may comprise a 
ceramic filter, a metal filter of heat-resisting alloy, a cyclone separator, or the like. 
[0096] As for the power generation system which employs the pressurized 
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fluidized-bed furnace, it is important how the temperature of gases flowing into 
the gas turbine 55 can be increased to an allowable maximum temperature 
designed te-for each gas turbine. The greatest limitation imposed on increasing 
the temperature of gases flowing into the gas turbine 55 is cleaning of the 
generated gases. The cleaning of the generated gases is carried out by 
desulfurization, for example. The desulfurization is required to protect the blades 
of the gas turbine, for example. 

[0097] For cleaning the generated gases, it is necessary to cool the generated 
gases usually to about 450°C in view of an optimum temperature for a 
desulfurizing reaction in a reducing atmosphere. On the other hand, the gas 
temperature at the inlet of the gas turbine should be as high as possible because 
the efficiency of the gas turbine is- becomes higher as the gas temperature-is 
becomes higher. At present, it is ofdmal- ordinarilv the case to increase the gas 
temperature at the inlet of the gas turbine to 1200°C or slightly lower due to 
limitations by heat resistance and corrosion resistance performances of the 
materials for the gas turbine. Therefore, the generated gases are required to 
have a calorific value high enough to increase the gas temperature from 450°C 
for the gas cleaning to 1200°C at the inlet of the gas turbine. Although not 
shown in FIG. 11, a generated gas cooler is provided in a gas line between the 
gasification chamber 1 and the high-temperature dust collector 52 for cooling the 
gases to 450°C, for example, and a desulfurizer is also typically provided in the 
gas line. However, a gas line from the char combustion chamber does not need 
to have a gas cooler and a desulfurizer because limestone is charged into the 
furnace and circulated together with the fluidizing medium and the char 
combustion chamber 2 is in an oxidizing atmosphere where oxygen is present, 
so that the sulfur content is removed as CaS0 4 . 

[0098] Consequently, for the development of afl~a_power generation system 
using an improved pressurized fluidized-bed furnace, efforts should be made to 
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obtain generated gases in as small an amount as possible and having as high a 
calorific value as possible. The reasons are as fo l lows: follows. If the amount of 
generated gases to be cleaned at 450°C is reduced, the loss of sensible heat 
due to cooling is reduced, and a minimum required calorific value of the 
generated gases may be lowered. In the case that the calorific value of the 
generated gases is higher than the calorific value needed to increase faise-the 
gas temperature to the required gas temperature at the inlet of the gas turbine, 
the ratio of combustion air can be increased to increase the amount of gases 
flowing into the gas turbine for a further increase in the efficiency of power 
generation. 

[0099] In the system shown in FIG. 11, the combustion gases from the char 
combustion chamber 2 are dedusted in the high-temperature dust collector 51 
which comprises a ceramic filter or the like, and then led to the gas turbine 55 for 
power recovery. While the combustion gases may be directly led to the gas 
turbine 55, the efficiency of power recovery may not always be high because the 
temperature of the combustion gases is not so high. Therefore, the combustion 
gases from the dust collector 51 are led to the topping combustor 53. The 
generated gases (combustible gases) from the gasification chamber 1 are 
dedusted in the high-temperature dust collector 52 which comprises a ceramic 
filter or the like, and then led to the topping combustor 53 where they are 
combusted. The combustion of the generated gases in the topping combustor 
53 serves as stabilizing combustion for the combustion gases from the char 
combustion chamber 2. Because of the combustion heat generated in the 
topping combustor 53, the combustion gases from the char combustion chamber 
2 (and the combustion gases used for stabilizing combustion) become high- 
temperature gases at about 1200°C (possibly 1300 Q C 1300°C, but depending on 
the heat-resistance of the gas turb i n e turbine) . The high-temperature gases are 
supplied to the gas turbine (power recovery device) 55. The combination of the 
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char combustion chamber 2 and the topping combustor 53 corresponds to a 
combustor of an ordinary gas turbine unit. 

[01 00] The generator 57 connected to the rotating shaft of the gas turbine directly 
or through a speed reducer is driven to generate electric power. In the 
embodiment shown in FIG. 11, a compressor (typically an axial-flow air 
compressor) 56 is directly connected to the rotating shaft of the gas turbine 55 
for producing compressed air. The compressed air from the compressor 56 is 
supplied to the char combustion chamber 2 as combustion air for the char 
combustion chamber 2. Part of the compressed air is supplied to the topping 
combustor 53. However, the topping combustor 53 can combust the generated 
gases with oxygen that remains in the exhaust gases from the char combustion 
chamber 2. In this embodiment, the interior of the pressure vessel 50 is 
pressurized to a pressure ranging from 5 to 10 kg/cm 2 (0.5 to 1.0 MPa). 
However, the interior of the pressure vessel 50 may be pressurized to about 30 
kg/cm 2 (3.0 MPa) according to the specifications of the gas turbine 55. 
[0101] In the embodiment shown in FIG. 11, since the combustion gases from 
the char combustion chamber 2 and the generated gases from the gasification 
chamber 1 are led- supplied to the gas turbine 55, the topping combustor 53 is 
needed as a pre-mixing chamber for mixing these gases. In the case that only 
the generated gases from the gasification chamber 1 are led to the gas turbine 
55, the generated gases may be introduced directly to a combustor 105 
combined with a gas turbine unit 109 shown in FIG. 14 which will be described 
later. In the case that only the generated gases from the gasification chamber 1 
are led to the gas turbine 55, the gas turbine 55 may be operated using highly 
calorific gases as a fuel. 

[0102]The exhaust gases discharged from the gas turbine 55 are led via a line 
125 to a waste-heat boiler 58, from which the exhaust gases flow through a line 
128, a desulfurizer, and a denitrater (not shown), and then emitted from a stack 
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(not shown). 

[01 03] The waste-heat boiler 58 recovers the heat of the exhaust gases and 
generates water steam. The generated water steam flows through a water 
steam pipe 127 to a steam turbine 112. A generator 113 connected to the 
rotating shaft of the steam turbine 112 directly or through a speed reducer is 
actuated to generate electric power. The water steam supplied to the steam 
turbine 112 may include water steam from the heat transfer pipes 41, 42. 
[0104] FIG. 12 shows another embodiment in which the integrated gasification 
furnace according to the present invention is employed in a combined cycle 
power generation system. 

[0105] In the case that the fuel has a relatively high calorific value such as coal, it 
is possible to raise the temperature to a temperature sufficiently high to melt the 
ash without achieving a-complete combustion in the slagging combustion 
furnace. In this case, therefore, it is effective to replace the slagging combustion 
furnace 54 with a slagging gasification furnace 60 for producing gases. The 
slagging gasification furnace should preferably be a gasification furnace of the 
type which allows gases and slag to flow downwardly, heats the slag with the 
heat of the gases, and leads the gases into water to quench the gases while 
preventing the slag from failing flowability due to cooling. The produced gases 
thus obtained contain almost no chlorine, and can be used as a raw material for 
chemicals and also as a gas turbine fuel. In the embodiment shown in FIG. 12, 
as with the embodiment shown in FIG. 1 1 , the gas turbine 55 is connected to the 
topping combustor 53, and the air compressor 56 and the waste-heat boiler 58 
are provided. As with the embodiment shown in FIG. 11, furthermore, the steam 
turbine 112 and the generator 1 13 are used for power recovery. 
[01 06] An embodiment in which the normal-pressure-type integrated gasification 
furnace (normal-pressure ICFG) according to the present invention is combined 
with a power recovery device will be described below with reference to FIG. 13. 
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The system according to this embodiment is a so-called ICFG combined cycle 
power generation system. The gasification chamber 1 of the integrated 
gasification chamber 101 described with reference to FIG. 1, for example, is 
connected with a generated gas line 121 for delivering generated gases, a 
generated gas cooler 102 provided within the generated gas line 121, and a char 
collector 103, which are arranged in order. A conduit 122 is connected to a 
lower portion of the char collector 103 for returning collected char to the char 
combustion chamber 2. The char collector 103 is connected with a conduit 123 
for leading generated gases which have been cleaned by separating char 
therefrom, to a combustion chamber 105 of a gas turbine unit. A generated gas 
compressor 104 is connected to the conduit 123 for increasing the pressure of 
gases generated in the gasification furnace at a normal pressure which is almost 
equal to an atmospheric pressure, to a pressure required for the gas turbine 106. 
The compressor 104 may be a reciprocating compressor or a centrifugal 
compressor depending on the flow rate and discharge pressure of the gases. 
Since the gases to be compressed are gases generated in the gasification 
furn a c e , i . e . furnace (i.e. , a fuel which is in a relatively small quantity with a high 
calorific valuer- value) the power of the compressor 104 is not so increased. 
[01 07] In this embodiment, the gas turbine unit 109 which serves as a first 
energy recovery device uses only generated gases with a high calorific value 
from the gasification chamber 1, independently of the combustion gases from the 
char combustion chamber 2. That is, the generated gases are not mixed with 
the combustion gases from the char combustion chamber 2 and are not used to 
heat the combustion gases, but are led as a fuel to the first energy recovery 
device independently of the combustion gases. 

[01 08] An air compressor 107 is directly coupled to the rotating shaft of the gas 
turbine 106. Air supplied by the air compressor 107 and the generated gases 
compressed by the compressor 104 are combusted in the combustor 105, which 
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produces combustion gases at a high temperature of about 1200°C that are 
supplied to the gas turbine 106 to generate power. A rotating shaft of a 
generator 108 is connected to the rotating shaft of the gas turbine 106 directly or 
through a speed reducer for recovering the power as electric power. The 
combustion gases (exhaust gases) from the gas turbine 106 are discharged via a 
line 125. 

[01 09] On the other hand, The combustion gases (exhaust gases) from the char 
combustion chamber 2 and the heat recovery chamber 3 have sensible heat to 
be recovered, but do not have a calorific value as a fuel and a pressure to be 
recovered as power. The combustion gases are discharged via a line 124. The 
line 124, 125 afe-is joined into a line 126 connected to a waste-heat boiler 111. 
The waste-heat boiler 111 generates water steam with the heat of the waste 
gases, and the generated water steam is led via a water steam pipe 127 to a 
steam turbine 112. The rotating shaft of a generator 113 is connected to the 
rotating shaft of the steam turbine 112 directly or through a speed reducer for 
recovering the power as electric power. 

[01 10] The combustion gases (exhaust gases) at a lowered temperature, from 
which the heat is recovered by the waste-heat boiler 111, flow through a line 1 28 
and is- are cleaned by at least one of a desulfurizer, a denitrater, and a deduster, 
and are then emitted from a stack 115. 

[01 11] As shown in FIG. 15, the integrated gasification furnace 10 or 101 may be 
connected to an existing boiler 131, rather than the new waste-gas (waste-heat) 
boiler 111. The difference between the amount of a fuel required by the existing 
boiler and the amount of generated gases and combustion gases supplied by the 
integrated gasification furnace 101 may be compensated for by supplying 
another fuel such as pulverized coal or the like via a fuel supply line 132. In this 
manner, it is possible to provide an apparatus for recovering power from 
generated gases and recovering remaining energy from exhaust gases 
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inexpensively. With this arrangement, an existing boiler which discharges a C0 2 
gas in a relatively large amount with respect to an energy such as generated 
electric power, can be converted into a highly efficient system. This is the 
repowering of the existing boiler. 

[01 12] In the above embodiment, the gas turbine 106 of the gas turbine unit is 
employed as a power recovery device which is an energy recovery device. 
However, a diesel engine which uses a gas fuel may be employed depending on 
the amount of generated gases as a fuel. 

[01 13] An embodiment in which the pressurized-type integrated gasification 
furnace according to the present invention is combined with a power recovery 
device will be described below with reference to FIG. 14. According to this 
embodiment, whereas the normal-pressure-type integrated gasification furnace 
shown in FIG. 13 operates substantially under the atmospheric pressure, the 
integrated gasification furnace 10 is disposed in the pressure vessel 50 and 
operates under a pressure higher than the atmospheric pressure. This is a 
feature that is identical to that of the integrated gasification furnace shown in 
FIG. 11. Since the gasification furnace 1 is under pressure, the gas compressor 
104 is not required to supply the generated gases to the gas turbine unit 109, 
unlike the embodiment shown in FIG. 13. Therefore, the gas compressor 104 is 
not provided in the line 123. However, if the gas turbine comprises a standard- 
type gas turbine and its operating pressure is higher than the pressure of the 
pressurized-type integrated gasification furnace, then a gas compressor is 
employed to raise a pressure for making up for the pressure difference. The 
compression ratio of such a gas compressor may be lower than that in the case 
of FIG. 13. 

[01 14] Since the combustion gases from the char combustion chamber 2 have a 
pressure higher than the atmospheric pressure, the combustion gases are led 
via a line 124 to a dust collector 110 such as a ceramic filter or the like. After the 
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combustion gases are cleaned by the dust collector 110, the compression gases 
are supplied to a power recovery turbine 141 as a second energy recovery 
device. The power recovery turbine 141 has a structure which is identical to that 
of the gas turbine of an ordinary gas turbine unit. An air compressor (typically an 
axial-flow air compressor) 142 is directly connected to the rotating shaft of the 
power recovery turbine 141. The compressed air from the compressor 142 is 
used as a fluidizing air in the char combustion chamber 2 and the heat recovery 
chamber 3. A generator 143 is connected to the rotating shaft of the power 
recovery turbine 141 directly or through a speed reducer for generating electric 
energy. 

[01 15] The exhaust gases, from which the pressure energy has been recovered 
by the power recovery turbine 141, are discharged via a line 131, combined with 
exhaust gases from the gas turbine 106 via the line 125, and are led to the 
waste-heat boiler 111. Other details of the embodiment shown in FIG. 14 are 
identical to the embodiment shown in FIG. 13, and will not be described below. 
[0116] As shown in FIG. 16, the waste-heat boiler 111 shown in FIG. 14 may 
comprise an existing boiler which uses pulverized coal as a fuel. The 
relationship between the embodiment shown in FIG. 16 and the embodiment 
shown in FIG. 14 is the same as the relationship between the embodiment 
shown in FIG. 15 and the embodiment shown in FIG. 13. 
[01 17] According to the present invention, as described above, since the fuel in 
the gasification chamber is gasified in the fluidized bed which is made of the 
high-temperature fluidizing medium that flows from the char combustion 
chamber, the gases discharged from the gasification chamber are mostly either 
gases only generated from the fuel or a mixture of gases generated from the fuel 
and fluidizing gases for the gasification chamber, and hence have a high calorific 
value. Since the char combustion gases and the generated gases are not mixed 
with each other, gases having a high calorific value can be obtained, and an 
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energy such as power can be recovered from the generated gases by the energy 
recovery device. 

[01 18] It is possible to easily obtain high-temperature gases which are mixed with 
the char combustion gases and lead to the energy recovery device, typically the 
power recovery device such as a gas turbine, for increasing the energy recovery 
efficiency of power generation or the like. Even if the fuel is any of various fuels 
containing volatile components at largely different ratios, since the temperature 
of the char combustion chamber and the gasification chamber can easily be 
controlled, the fuel can be used without any equipment modification. 
[01 19] Even if a fuel such as municipal waste containing chlorine is used, most of 
the chlorine in the fuel is discharged into gases in the gasification chamber and 
does not remain in the char that flows into the char combustion chamber. 
Therefore, the chlorine concentration in the gases in the char combustion 
chamber and the heat recovery chamber is kept at an extremely low level. Even 
when the submerged pipes in the heat recovery chamber are used as 
superheater pipes to recover high-temperature steam, there is no risk of heat 
corrosion. Thus, the high-temperature steam recovery, together with the energy 
recovery with the power recovery device, makes it possible to r e cov e ry recover 
energy with high efficiency. 

Industrial Applicability 

[01 20] The present invention is profitable for a system which gasifies and 
combusts fuels including coal, municipal waste, etc., and recovers energy 
therefrom. 
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ABSTRACT 

The present invention provides a fuel gasification furnace wh i ch do e s not 
n ee d th e sp e c ial contro l of a pr e ssur e ba l anc e b e tw ee n a gasif i cat i on furnac e 
and a ch a r combust i on furnac e , a nd a m e ch a n i ca l m e ans for hand li ng a 
f l uid i z i ng m e d i um, can stab l y obta i n g e n e rat e d g a s e s of h i gh qu ali t ie s, a nd i s 
c a pabl e of h i ghly e ff i c ie nt pow e r r e cov e ry, and a l so prov i d e s an i nt e grat e d 
g a s i f i c a t i on furn a c e wh i ch is capab le of r e ducing corros i on on a ste a m 
sup e rh e at e r (p i p e s), e tc. and i s capab le of h i ghly e ffic ie nt pow e r g e n e rat i on e v e n 
wh e n a combust i b le w a st e mat e r ial conta i n i ng ch l or i n e are us e d as a fu e l. 

Th e fu el g a s i f i cat i on furn a c e h a s including a gasification chamber (1) for 

fluidizing a high-temperature fluidizing medium therein to form a gasification 
chamber fluidized bed having an interface, and for gasifying a fuel in the 
gasification chamber fluidized bed, a char combustion chamber (2) for fluidizing 
a high-temperature fluidizing medium therein to form a char combustion chamber 
fluidized bed having an interface, and for combusting char generated by 
gasification in the gasification chamber (1) in the char combustion chamber 
fluidized bed to heat the fluidizing medium, and a first energy recovery device 
(109) for using gases generated by the gasification chamber (1) as a fuel. The 
gasification chamber (1) and the char combustion chamber (2) are integrated 
with each other. The gasification chamber (1) and the char combustion chamber 
(2) are divided from each other by a first partition wall (15) for preventing gases 
from flowing th e r e b e tw ee n e xt e nd i ng therebetween, and which extends vertically 
upw ardly upward from the interfaces of the respective fluidized beds. The first 
partition wall (15) has a first opening (25) provided in a lower portion th e r e of 
thereof, and sefves-the first opening (25) serves as a communication between 
the gasification chamber (1) and the char combustion chamber (2), for allowing 
the fluidizing medium heated in the char combustion chamber (2) to move from 
the char combustion chamber (2) via the first opening (25) into the gasification 
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